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THE LIFE OF P ORTLAND CEMENT. 
BY G. G. A"'D A. J .  WHEAT. 
Perhaps just a word in explanation of the title of this paper will not be 
amiss. We speak of Portland Cement as possessing life.  ·we d o  this because 
the duration of  its existence as Portland Cement is meaBurable .  In contra­
distinction we might speak of a material such as the Sioux Falls Quartzite as 
being dead, since no appreciable change takes place in the body of this Quartzite, 
all o f  the elements of  the Quartzite being practically at a state of  rest and re­
sisting all disintegration by the ordinary weathering agencies.  Perhaps our 
distinction may be 'Somewhat arbitrary and we cheerfully invite helpful criticism. 
This subject has interested us for a number of years. We have talrnn inter­
est in the advance in engineering construction made possible by the w idespread 
production of Portland C ement. We have anticipated the conditions which h ave 
arisen and through the throes of which we are now passing. Portland Cement, 
one of the mo'St valuable materials known to the engineering world, is being 
heavily overworked and is  being crowded into fields of  use where i t  i s  not fully 
competent to endure the conditions which it must meet. 
Without further preliminary we will give the results o f  some laboratory 
work and some suggestions concerning lines of research which to us seem to 
promi'Se valuable results. We shall consider as our most sincere friend any 
fellow member who can or will show us that we are doing work in our investi­
gations that is not correct. 
Early i n  this year we appeared before the Iowa Clay Workers at Des Moines. 
There we presented the following facts and suggestions : Portland Ce­
ment construction or concrete does disintegrate with age. The places or  condi­
tions where this disintegration occurs are found to subj ect the concrete to one 
common agent of destruction. ·whne protected against the action of this agent 
and also not subject to some other destructive agent the concrete proves durable. 
The obvious explanation of the disintegration of the cement is the action of 
thi'S one common agent, water. 
Disregarding the c ommonly advanced theory that concrete grows c ontinually 
better under the action of water, we stated that the work of engineers and 
chemists shows plainly that there is a point of maximum strength, reached in a 
very few m onths in light walled construction and in more massive work pos­
s ibly in a m atter of  a few years. Following this point of maximum strength 
the concrete is found to grow gradually and steadily weaker. 
Now in explanation of these facts we turned to the crystal lization theory for 
a partial explanation of these phenomena of maximum strength followed by a 
decrease. The theory of crystallization offered as an explanation of the process 
of Portland Cement in setting seems to us inadequate to explain fully the process. 
( 11 1 )  
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But the microscope shows clearly that the theory is  true,  at least in  part. 
The theory of crystall ization states practically that each tiny particle of Port­
land Cement is incased in a thin pnvelorw of water and passes into solution i n  
part. T h e n  it crystallizes t o  its neighboring particle or to t h e  grains of  ·grog 
or sand. 
If thi s  theory be correct then the obvious explanation of the phenomena of 
reaching maximum strength and later decreasing in strength can be explained 
at least in part, by the slow completion of this process of  crystallization ;  dur­
ing this process there being a stt>ady loss of a small part of the cement, removed 
in solution by percolating waters, this process continuing steadily after the 
process of  crystallization is  completed. 
In continuation of our work we sent pieces of well  cured cement construction 
to Dr.  Knight at Cornell College. These were treated with distilled water and 
a considerable percentage of  soJid·s was dissolved. Analysis of  these solids re­
vealed the presence of silica, calcium and aluminum in about thPir ratio in  Port­
land Cempnt. This strongly indicated that we had secured solution of  the Port­
land Cement as a whole and that we werp not securing nwrely free lime. By 
these experiments and others conducted at thP University of  Illinois we j ustified 
ourselves in the belief that a very appreciablP part of Portland Cement is 
soluble in pure water. Before the Clay Workers of the state we presented our 
conclusions that the thin wall construction of Portland CemPnt drain tile, being 
very porous and subject to continuous action of water, would be short lived and 
to all practical intents and purposes would entirPlY dissolve away. 
Since that time w e  have conducted further pxperiments at Cornell College 
an d the University of Illinois, the results of which we wish to give you now. 
Mr.  L. R. Ernest, University of Illinois, finds that one gallon of water will 
dissolve about one gram of the material of a Portland Cement drain tile . ( We 
use Portland Cement drain tile and sewer pjpe in our investigation, as in these 
uses the cement i s  subjected to very severe conditions and disintegration 
will  work most inj ury, as it is  out of s ight and would not bt> observed until  the 
damage done compelled investigation. ) Mr. Ernest further treated a weighed 
amount of the material with distilled water and the alkal inity was titrated 
with standard acid. The per cent of dissolved lime after one day was 0.9 per 
cent. After two weeks 1.9 per cent. After one month 2.1 per cent. I t  would 
appear from this that the . saturate solution would be reached somewhere be­
tween two and three per cent. 
Mr. C .  J .  Derrick of  the University of Illinois has don e  work practically 
duplicating this and the additional work with the Soxhlet extractor. A small 
piece of  tile was broken in two pieces, which would fit in  a large size extractor. 
The dust was carefull y  removed from the two pieces in order that only a piece of 
the undisturbed tile would be acted upon. The idea was to duplicate the condi­
tions of nature as far as possible where the water comes in contact with the un­
broken tile. The Soxhlet extractor was employed in order that pure, fresh 
water would constantly wash the tile. Of course the difference here was that 
the water was pure, being condensed from steam, while it  is not pure in nature, 
but contains organic  acids. The tile was subjectPd to the action of water in  this 
way for 72 hours with the following results : WPight of piece No. 1 ,  24 .3185  
gram s ; weight of material extracted, 0 .5097 ; weight of  piece No. 2 ,  18 .222 7 ;  
weight o f  material extracted, 0 .4281 ; per cPnt o f  material extracted from No. 1 
was 2 . 0 8  per cent ; from No. 2 was 2 . 3 4 1wr cent. This tile being one-fifth Port-
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land Cement, this would show that an average of over eleven per cent o f  the 
Portland Cement had been dissolved and removed by the extractor .  The piece 
o f  tile No.  2 was again subjected to the Soxhlet extractor for 72  hours and 
the amount of solids 'Secured was 0 .4498 .  This time the percentage amounting 
to 2 . 5 5  per cent. 
Mr. Layton Gauldin, assistant to Dr. Knight, has made analysis of  these solids 
and finds the percentages to be : Ferric iron, 0 .97  per cent ; Alumina, 2.08 per 
cent ; M agnesia, 0.21 per cent. The remainder of 9 6 . 7 4  per cent being calcium 
carbonate, si l ica and calcium sulphate . The work is  not yet complete on the 
analysis, but the qualitative tests show the presence of the elements not de­
termined. 
Mr. Layton Gauldin has questioned the reliability of work done on a sample 
of  the concrete tile as being open to the suspicion that contamination might 
result from the sand and gravel which forms four-fifths of the body of the tile. 
He has, therefore, made a number of prel iminary tests upon various samples of 
neat cement, containing no grog whatever. The results of these tests, which I 
cannot give in detail, show clearly that the Portland Cement is by far the most 
soluble part of the concrete and that we are justified in believing that the ele­
ments of the gravel are practically insoluble, as compared with the Portland 
Cement. 
Another line of  approach to a solution o f  this question has been to take 
cement that has not been set and subj ect it to the action of distilled water. 
These two flasks contain 5 grams each of standard high grade Portland Cement 
in 200 cc of distilled water. You will notice that the cement has passed en­
tirely into solution or  remains in suspension. Work at the University of Illinois 
by Mr. L.  R. Ernest warrants us in believing that the water has the power to 
d issociate the elements of the cement into calcium oxide, aluminum hydroxide 
and silicic acid.  You will see that the Portland Cement five grams in 2 0 0  cc of  
water has swelled to more than thirty times its  original bulk. We further 
treated ]lulverized sam]lles of  hydrated Portland Cement with distilled water 
in like manner. While the results are not nearly so marked in the case of  the 
hydrated cement as they are in the former, the results parallel the first results, 
but are much slower. 
At the end of thirty days the hydrated cement has swelled to more than eight 
times its original bulk. This swelling of bulk and practical dissociation of the 
elements is  slowly continuing, showing that the process of hydration or  set­
ting when completed has not removed cement beyond the power of  water to 
d issociate its elements. I n  these tests , while not a complete solution can be 
accomplished, the very marked dissociation of the elements, amounts to the same 
results practically in the destruction of concrete work as though the silica, 
aluminum and calcium were entirely soluble and would pass through the filter 
paper. I n  connection with these experiments and our other work, all of which 
show the power of water, either to dissolve or dissociate the elements of con­
crete, we wish to spend a brief moment in theorizing. I f  water will dissolve or 
dissociate any considerable ]lart of the Portland Cement, then it will necessarily 
follow that ]lerfectly hydratPd and completely set Portland Cement can b e  in­
duced to reset and devdop a very appreciable degree of tensile strength by 
pulverizing it  finely and subjecting it to conditions 'Similar to those under which 
i t was first set. We state, therefore, today, that it will be fou:id to be true that 
Portland Cement, thoroughly hydrated and completely set, can be pulverized 
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and subjected to t h e  action of water, a n e w  plasticity c a n  be developed in it  
and it would eventually set, dev0loping a very considerable degree of strength. 
On the basis of the tests with the Soxhlet extractor we venture the asBertion 
that as over 2 4  per cent of the cement was removed from concrete in less than 
1 5 0  hours, 24 per cent of the original strength of a bricquette of neat cement 
can be redeveloped by perfrctly natural mPans such as we have just suggested. 
Let li'S pass for a moment the chemical investigation of the nature of Port­
land Cement to an inquiry of the nature of calcium upon which the nature of  
Portland Cem<>nt must  necessa ril y rest. Investi gations of all the calcium sub­
stances known to m ineralogy and also these silicates which contain calcium in 
any degree, we find them all subj ect to the attack of simple acids,  hydrochloric, 
acetic ,  carbonic, the carbonic and acetic, almost without exception having a 
steady power over all those which hydrochloric will attack. And we furthc>r find 
that this solvency increases as the percentage of calcium increases. �While  no 
thorough i nvestigation of this problem has ever been made so that there i s  any 
law established to say that the solvency is in  d irect ratio to the per cent of 
calcium, yet the p ractical results thus far obtained and entered into mineralogy 
literature show, without exception, solvency increasing when thP per cent of  
calcium increases. This shows that calcium will readily combine with the acids, 
that it is restless and active wherever we find it .  This being the case, the 
calcium will also take the acid atom away from the neutral salt that contains 
an acid the calcium has an affinity for.  A step further shows U'S that calcium 
does come away from combination in Portland Cement in the presence of 
sodium chloride or magnesium sulphate and water. Metathesis occurs and we 
have a calcium chloride or calcium sulphate as the result. 
Some very valuable work has recently been clone at the A gricultural Experi­
ment Stat icn  of Bo7,Pman . .\Iontana. Prof. E .  T. Tannat, C.  I<J . of  tlw exp8ri­
ment station,  and Prcl'.  E .  Burke.  of chemistry, !10th wor1; i ng in  connection with 
City Engineer Swearingin of Great Falls, Montana. B r i efiy stated, their work 
shows that the ordinary white alkali ,  so common in that state, attack'S and 
d estroys cement concrete and probably some J; inds of sandstone. The impo rt­
ance of this d iscovery is recognizc•d when one considers the important part 
which cement plays in the construction of fo un dation'S, drains, sewers, irrigation 
work an other constructions, and the fact that nearly all of the soil of Montana 
contains more o r  less alkal i .  A bulletin soon to be issued by the experiment 
station will contain reports of these investigations. The result of  thi'S discov­
ery m eans that it is unsafe for people to use cement in the construction o f  
a n y  foundation or  otlwr structure com ing in contact with t h e  soil  in t h e  alkal i 
regions of the state unless "Some method is devised to protect them from the 
chemical. The men intPrested made a thorough invPstigation o f  several of  the 
large sewers and found that several of them had been completely destroyed, 
and that others were fast decaying. Some of the sewers examined had only 
been in use for a short time. Thi'S bulletin on the action of alkal i s  will be 
awaited with the greatest of interest. It  will be  very important to know 
whether the destructive action is  clue to the free alkali or the action o f  alkaline 
salts. 
I h ave in m y  hand letters from Chauvenet & Bro.,  leading chemical pngi­
neers, of  St. Louis ; also from G. B.  Frankforter, clean of the School of  Chemistry 
of the University of Minnesota, and Leverett Means, p rofessor of chem i stry of 
Williams College, 'iVill iamstown, Mass. , dated 1906 ,  1907 ,  and a large number of 
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l etters dated back to 1 8 7 0  and 1880  from city engineers of leading cities in the 
United States.  The gist of all these letters being that Portland cement readily 
decomposes i n  the presence of the acids of sewers ; that the substance is porous 
or becomes so to the extent that it allows water to pass through it in a very 
short time. The findings of the chemists indicate that disintegration would 
take place ; the letters from the city engineers show that disintegration does 
take place. 
Now we find that by this th at Portland Cement is attackable by acid solu­
tion and alkali solutions and our work, the work of my brother and myself, 
show s  a marked power of d istilled water to dissociate the elements of cement. 
These reveal great instability of the calcium compounds as found in Portland 
Cement. And the instability of calcium in the natura l  combination of our na­
tive minerals merely presists in the artificial com pound called Portland Cement. 
Apparently water i s  the great vehicl e in the presence of which chemical re­
actions with calcium of Portland Cement take place. 
We hope that with these few su ggestions we point the w ay toward investi­
gations o f  great scientific interest. The nature o f  calcium upon which the na­
ture of  Portland Cement rests is a subject of so great industrial importance that 
it is worthy the combined efforts of the geologists, mineralogist and the chemist 
in the study to establish definitely and dependably the nature of  calcium. 
Just a word concerning the magn iture of the interests involved and of  the 
reasons why an investigation of this subject should be made. Several hundred 
oi- millions of  dollars will be invested in farm l and drainage and i n  city 
sewerage systems in the next fifty years in Iowa, M innesota and the D akotas. 
The chief among the materials used for these purposes Btands burned clay 
products. The field is so great that other material s, chief among them Portland 
Cement, are entering into the construction of some o f  these drainage systems. 
The failure o f  a m aterial to be permanent when put in place would work in­
calculable loss to the land owners and tax payers, many o f  whom might not 
survive the financial hardships which it would work to them. In sewerage 
systems for the sewerage to penetrate the walls of  the sewer and contaminate 
the surrounding soil would be fatal to the health of those in the locality. 
We do not wish to theorize and speculate beyond reasonable l imits. But 
it does seem to us  that it  is  possible for laymen l ike ourselves who meet with 
the actual problems to suggest lines of  research which will guide the student 
helpfully and will appeal to you who have both the o pportunity and facilities 
for the needed re·search . 
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